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Abstract 
Molecular baskets are a group of synthetic host molecules which are designed to govern 
the inclusion of small guest molecules. The basic structural features of basket-shaped host 
molecules are a cavity for holding a much smaller guest molecule and tunable gates for 
keeping the guest molecule inside. These types of gates can be tuned by changing 
temperature, concentration, pH, etc. In this research group's previous study, a molecular 
basket of cal ix[ 4]arene with carboxylic acid groups was synthesized by functionalizing 
calix[4]arene's phenol hydroxyl groups with benzyl bromide building blocks. In the study 
detailed here, 1 ,  l '-((5-(bromomethyl)-1,3-phenylene)bis(methylene))bis(3-isopropylurea) 
was assembled as the two gating arms for p-tert-butylcalix[4]arene. 
Synthesis of the urea-featured benzyl bromide building block is a multistep process that 
sta1ts with 1,3,5-benzenetrimethanol. The synthetic intermediates were characterized by 
1H, 13C NMR, and FT-IR spectroscopy analysis. The target host molecules were also 
characterized using mass spectrometry analysis. 
v 
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Supramolecular chemistry is the domain of chemistry beyond that of molecules that 
focuses on the chemical systems made of a discrete number of self-assembled molecular subunits 
or components.1.2 The forces involved in supramolecular chemistry range from weak 
intennolecular forces, such as electrostatic or hydrogen bonding, to strong covalent bonding. In 
this type of special organization, the degree of electronic coupling between the molecular 
components remains small with respect to relevant energy parameters of the component. 
Supramolecular chemistry examines the weaker and reversible non-covalent interactions between 
molecules. 1 These forces include hydrogen bonding, metal coordination, hydrophobic forces, van 
der Waals forces, 1Mt interactions and electrostatic interactions. 3•4•5 Important concepts that have 
been demonstrated by supramolecular chemistry include molecular self-assembly, molecular 
recognition, host guest chemistry, mechanically interlocked molecular architectures and dynamic 
covalent chemistry.1•6 
Molecular recognition is also known as host-guest chemistry, which fonns the basis for the 
formation of supramolecules.3 Molecules that perfonn recognition are known as host molecules 
and the molecules that are recognized are known as guest molecules. During the formation of a 
host-guest complex, the host molecule "opens up" its recognition site, and a guest molecule or ion 
that fits enters the space of the site. The strength of the recognition can be enhanced by additional 
species, such as a solvent or a small gas molecule like CH4.3•4 The properties of the host and guest 
can be manipulated by adding the nonbinding parts. The host-guest complexes are more rigid than 
2 
free hosts and guests. These complexes form the basis for chemical sensing, transportation, 
catalysis and recognition process that occur in the biology. 
Among the large number of host molecule types m supramolecular chemistry, 
cyclodextrins are the most viable and unique molecular architecture, with a hydrophilic exterior 
and a hydrophobic interior. Especially, through modification of upper rim and the lower rim the 
cyclodextrin's cavity size can be extended. This modified nano-baskets of cyclodextrins play a 
vital role in host-guest chemistry.7 In addition to extending the cavity size, a cyclodextrin can be 
modified in its upper rim or lower rim with a gating arm that can control the opening and closing 
of the cavity. 
Calix[ 4]arene is also another important type of host molecule like cyclodextrins. In this 
particular research work we were trying to develop a basket-shaped host molecule based on 
calix[ 4)arene featuring urea gating groups for encapsulating volatile guest molecules. These nano­
baskets can be used for drug delivery, transportation and storing fragrance molecules for household 
materials such as perfumes and food flavors. The designed host molecules act as a trap for the 
targeting guest molecules by opening and/or closing their gates as a response to the external 
conditions such as temperature or pH of the media. 
Designing and developing the synthesis of an organic host molecule using calix[ 4]arene to 
provide the basic shape of the cavity was the main goal of our project. The work includes two 
pat1S. 
l. Synthesis of the urea featuring gating arm. 
2. Attaching the gating arm onto calix[ 4 ]arene. 
3 
1.2 Host guest chemistry 
Host-guest complexes are composed of two or more molecules or ions that are held 
together through non-covalent bonding. Host molecules, which are bask�l shaped molecules with 
a cavity, can encapsulate smaller molecules through driving forces like hydrophobic interactions, 
hydrogen bonding, 1Mt stacking, etc. Guest molecules are usually much smaller than host 
molecules. Therefore, both host and guest molecules should have appropriate functional group(s) 
to establish the desired noncovalent interactions with each other. ln this particular research work, 
we were trying to introduce urea-featured gating arms to develop a calix[4]arene host molecule. 
(a) Wrapping {b) Inclusion 
°I'(.}·:·.'. . ; �: . 




1.2.1 Host molecules. 
a) Crown ethers 
Crown ethers contain multiple oxygen atoms which point inward and are bound or 
coordinated to a metal ion. There are a few types of crown ethers, distinguished by their cavity 
size or the number of oxygen atoms in their hierarchical arrangements. 
I\ 
C° 0) 0 0 
\_/ 
1 2-Crown-4 15-Crown-5 18-Crown-6 
Figure 18: Structures of common crown ethers. 
21-Crown-7 
Crown ethers have the unique property of being coordinated with metal ions. This prope1ty 
comes from the size of the space established by their 3-D folding structures as well as the particular 
polarity of the oxygen atoms. The oxygen atoms in the structures can act as a binding site for 
different types of metal cations and ammonium ions because of the high electronegativity of 
oxygen. The interactions between the binding sites of crown ethers and cations are ion-dipole 
interactions. A larger crown ether's cavity can accommodate a larger guest cation in order to 
stabilize the system. A smaller inner cavity will bind to a smaller ion in order to stabilize its 
structure. These crown ethers have more flexible structures because of the C-0 single bonds which 
can freely rotate at ambient temperature. Also, the inner cavities of these crown ethers are neither 
5 
strongly hydrophilic, nor strongly hydrophobic. Because of this weak driving force towards 
encapsulating small organic host molecules and the flexible unpredictable structure, scientists no 
longer consider these crown ethers as ideal host molecules. 
However, in order to make this crown ether structure more solid, scientists have made 
improvements to crown ethers. For example, podands9 are used as noncyclic hosts. On the other 
hand, any open chain of a crown ether such as a compound having one or more -O-CH2-CH2-0-
groups and coronands10 are used as monocyclic hosts. Coronands are monocyclic polydentate 
compounds, usually uncharged, in which three or more coordinating ring atoms (usually oxygen 
or nitrogen) and cryptands11 are used as oligocyclic hosts. Cryptands are cyclic or polycyclic 
assembly of binding sites that contains three or more binding sites held together by covalent bonds. 
A nonadentate podand A selenium coronand 
Figure 2a 9•10•11: Structures of modified crown ethers. 
A polyether cryptand 
6 
b) Cyclodextrins 
Cyclodextrins (CDs) (Figure 2b) are group of host molecules that are employed frequently 
in supramolecular chemistry as micro-vessels for thermal and photochemical reactions. Generally, 
these micro-vessels function as hosts. The cyclodextrins are recognized as potential hosts because 
they are produced from renewable material, starch, and undergo primary enzymatic conversion. 
Also, cyclodextrins form complexes that have some important properties: 1. Cyclodextrins are 
capable of being structurally modified for various applications; 2. Cyclodextrins are water soluble 
because of the -OH groups of outer spheres; and 3. Inner cavity of cyclodextrins is hydrophobic. 
There are several types of cyclodextrins, and most common ones are a-, P-, and y-
cyclodextrins with 6, 7, and 8 glucose units respectively the (Figure 2b ). The most important thing 
of cyclodextrin as a host molecule is its hydrophobic cavity.7 Usually the cavity size of 
cyclodextrins varies from 5.6 A to 8.8 A. 7 





·\ . �. � -· 
1 (a-CD) 2 (P-CD) 
r��, 
-1� · · ·  
� . . J -��·�  - - t: 
I.I:> 
3 (y-CD) 
Figure 2b7: Structural formulae of l (a-CD), 2 CP-CD) and 3 (CD). 
7 
There are many possible derivatives of cyclodextrins because of 1 8  (a.-CD), 21 (P-CD) and 
24 (y-CD) substitutable hydroxyl groups. Therefore, modified cyclodextrins can be used in various 
applications. For an example, if this cyclodextrin is going to be used in a drug formulation 
application which requires the host to be highly soluble in water, cyclodextrin's hydroxyl groups 
can be easily converted into sulfate groups. Also, when hydroxyl groups are converted to silyl 
ethers, cyclodextrins can be turned into molecules which are highly soluble in organic solvents. 12 
Other than the previously discussed cyclodextrins, Dimethyl-beta-cyclodextrin (DM-P­
CD), 2-hydroxylpropyl-beta-cyclodextrin (HP-P-CD), trirnethylated-P-cyclodextrin (TM-P-CD), 
acetylated and branched CDs are the most viable derivatives of cyclodextrins. HP-PCD is a 
cyclodextrin with higher water solubility than ordinary cyclodextrin.13 An excellent model for a 
newly synthesized protein was provided by 0-methylated P-cyclodextrins in inclusion of meso­
tetraaryl porphyrins. 14 When the anchored moiety is positioned above the entrance, the modified 
host is called a "capped" cyclodextrin. When the caps are attached to only one glucose unit, the 
cap will be rather flexible (Figure 3). In contrast, the cyclodextrins with "rigid caps" (Figure 3) 
consist of an organic fragment covalently linking two glucose units of cyclodextrin. This forms a 
bridge-like structure.15 Figure 4 shows two real examples of both "rigid and flexible capps" of P­
CD. 
8 
x capping x x 
type 1 X = hctcro atom 
type 2 
Figure 315: Type 1: Rigid caps; Type 2: Flexible caps. 
t Clll 11� 
Figure 415: Anthraquinone "capped" P-CD. 
9 
c) Calixarenes 
Calixarenes are macrocyclic compounds that are very easily accessible starting from simple 
starting blocks. Calix(4]arenes ((4] shows thal there are 4 arene repeating units in the molecular 
structure) are phenol-formaldehyde cyclic oligomers (Figure 5). Calix(4]arenes are popular 
building blocks in molecular recognition and they are widely used in the construction of molecular 
containers. Because of the properties of the building blocks they were chosen for construction of 
molecular containers. Calix[ 4]arene can be easily functionalized at phenolic OH groups (lower 






Figure 5: Calix[4]arene molecule preparation. 
JO 
\ I OH OH OH 
Figure 616: Calixarene molecule. 
I 
OHOH OH 
Calixarenes feature bulky substituents (t-butyl groups) at the para position of each phenolic ring 
and can exist in four extreme conformations: cone, partial cone (paco ), 1,2-altemate and 1,3-
alternate (Figure 7). The adoption of these conformations depends on the temperature, solvent, 
the para substituents, and the reactivity of the electrophile substituting the t-butyl group. Reported 
molecular modelling calculations on various conformers of debutylated cal ix[ 4]arene suggest that 
the 1,3-altemate conformation has a lower energy. That is one of the reasons that we used the 1,3-
alternate conformation in this research study. 17 
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Figure 717: Four extreme confonnations of calix[4]arene molecule. 
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1.3 Modifications for calixarenes 
Our research group is trying to develop calixarene-based molecular baskets. These robust 
containers are covalently built, and the size of the cavity can be controlled precisely and easily. 
Calix[ 4]arenes provide rigid n- electron rich inner cavities for the complexes of electron deficient 
guest species. 
We are seeking to expand the cavity size of the calix[ 4]arene and trying to introduce the 
gating feature to this molecular basket. In that way, we can encapsulate small molecules inside the 
cavity. One of our previous group members tried to use 1,4-bisbromomethylbenzene to link two 
calix[4]arene motifs together in order to have a larger cavity. This target dimer of calix[4]arene 
can be used as a cylindrical host for small gas molecules such as CO, NOx, etc. According to 
unpublished results, this effort resulted in a trimer of calix[ 4]arenes. 
Afterwards our focus was to expand the cavity through attaching the -COOH featuring 
gating arm. This gating arm not only expands the cavity size of calix[ 4]arene but also acts as a 
gate to our molecular basket. In this case, the main target is to develop a carboxylic acid derivatized 
calix[ 4]arene at the upper rim that can facilitate the encapsulation of a benzaldehyde like molecule. 
Since this has carboxylic acid groups featured in its gating arm, reversible encapsulation is 
expected to be controllable by changing the pH. The modified cal ix[ 4]arene molecule with pH 






Figure 8: Investigation of reversible encapsulation of a host molecule with pH-sensitive gate 
features performed by another group member 
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In research performed by other groups, scientists have been trying to modify the 
calix[4]arene molecules by attaching arms which can undergo hydrogen bonding and encapsulate 
various guest molecules. These morufied features make calix[ 4)arene a versatile choice for a 
molecular receptor. Many types of receptors for ions and other small organic guest molecules are 
currently recognized as having highly directional hydrogen bonding interactions from 
sulfonamide, amide, urea, and thiourea.18•19•20 A calix[ 4)arene with a tunable cavity can operate as 
a molecular platform enabling a detailed and complicated arrangement of different types of 
functional groups in perfectly defined positions. For that reason, these modified calix[ 4]arenes can 
be used as preorganized anion receptors21.22.23.24 which have been found to have cooperative effects 





Figure 925: General design of calix[ 4]arene-based uredo receptors for anion recognition. 
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1.3.1 Urea featuring gating arm 
As mentioned earlier, molecular baskets are a group of synthetic host molecules which are 
designed to govern the inclusion of small guest molecules. The basic structural features of basket-
shaped host molecules are a cavity for holding a much smaller guest molecule (or molecules) and 
tunable gates to control the trafficking of guest molecules into and/or out of their cavities. This 
gating feature is expected to be responsive to external stimuli, such as temperature, pH, 
concentration, and so forth. In this study, we worked to synthesize a novel host molecule by 
assembling the urea functional groups onto calix[ 4]arene to achieve control of guest molecule 
trafficking at different temperatures. 
iPr, o 0 mr� \'1 ,,iPr 
I \ /""i-.rH iPr � (.)_ -HN Nfl / 
N
H
-(HN J \ ''{)' ) )L �iPr 
��� NH I 11 NH � � tBu 
Br 
Figure 10: Synthesized gating arm in this project. 
Figure 10 depicts the synthesized gating ann for our desired molecular basket. When this 
molecule is attached to l and 3 phenolic positions of the upper 1irn of calix[4]arene, hydrogen 
bonds will be established between the two NH groups of one urea and the carboxyl oxygen of 
another urea (Figure l 0). 
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1.3.2 Hydrogen bonding 
Hydrogen bonding26 is one of the most controversial and widely studied types of molecular 
interactions. There are a great number of research articles and ongoing research works purporting 
to provide clarity on this special kind of interaction. An attractive force called a hydrogen bond 
can exist between certain molecules. These bonds are weaker than ionic or covalent bonds, taking 
less energy to break. However, large numbers of these bonds can exert a strong force. Hydrogen 
bonds are the result of the unequal charge distribution of the two ending points of a bond. These 
molecules are said to be polar. If we look at the water molecule, (Figure 1 1)27 we can see the 
oxygen shared the electrons with two hydrogen atoms in each water molecule. Electrons are not 
shared equally within the molecule. As they have a higher probability been found closer to the 
nucleus of the oxygen atom giving that end slightly negative charge. The hydrogen atoms end of 
the molecule will have a slightly positive charge. These charged ends weakly attach the positive 
end of one water molecule to the negative end of adjacent water molecule. When a hydrogen atom 
is covalently bound to N, 0 or F, it is capable of having a weak interaction with another N, 0 or F 













Figure 1127: Inte1molecular hydrogen bonding among water molecules. 
1 7  
1.3.3 Intramolecular hydrogen bonding in N,N'-disubstituted urea 
Urea is sometimes referred as the simplest form of carbamide, which contains a functional 
group having two nitrogen atoms respectively bonded to both sides of a carbonyl group. Urea has 
a good potential of forming hydrogen bonds because of its carbonyl group and the two amide 
groups. The intramolecular hydrogen bonds can be formed in a donor (NH2) -acceptor (0) or donor 
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Figure 1228: Inte1molecular hydrogen bonding among urea molecules. 
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N, N' -Disubstituted ureas can form hydrogen bonds through their hydrogen bond donor 
NH protons and carbonyl oxygen, which acts as the acceptor.29•30•31 This hydrogen bond donor and 
acceptor combination leads to a self-association of two N, N' -disubstituted ureas, under 
appropriate temperature and pH conditions.32•33•34 This self-association leads to a crystalline 









Figure 13: The duality ofN,N' -disubstituted ureas, which can function as either: (a) building units 
for the assembly of hydrogen bonded chains or (b) anion-binding groups, as exemplified by the 
diphenylurea with nitrate. 
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1.4 Temperature responsive intramolecular hydrogen bonding in urea 
According to a recent study ofN, N'-disubstituted urea-based gel kind of nano- materials, 
the NH hydrogens of the strncture are involved in the stabili:lation of the suprarnolecular network. 
The hydrogen atoms of N, N'-disubstituted urea-based compounds (Figure 14) were tracked by 
NMR experiments at different temperatures. According to the reported study, the authors recorded 
1H NMR spectra of the nanomaterial and observed an upfield shift (i.e., b.8 I b. T::::::: 5 .3 x 1 0-5 ppm 
K-1) of the -NH urea protons in the 27-35 °C temperature range and significant downfield shift 
(i.e., 68 I 6T::::::: 1.5 x 10-4 ppm K-1) in the range of 35-55 °C. When the temperature increased to 
70°C, another upfield shift (i.e., b.8 I b.T::::::: 3.3 x 10-4 ppm K-1) was observed.36 Therefore, the 
representative temperature induced chemical shift for Urea-NH was identified. This chemical shift 
difference was observed as a result of breaking intermolecular hydrogen bonds among N, N'-
disubstituted urea-based molecules at 55 °C. The point of inflection observed at 55 °C (Figure 
15)36 was perfectly matched with the Tget of the material. According to this study, we can confirm 
that intermolecular hydrogen bonds between urea's can be affected by temperature change. This 
leads us to construct a host molecule with urea groups as its gating feature. 
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Figure 15: Representative temperature-induced chemical shift of -NH urea proton of compound b 
(Figure 14) in <ls-toluene. 
1.5 Motivation 
In our research project, the target molecule is a basket-shaped host molecule based on 
calix[4]arene featuring urea groups for encapsulating volatile guest molecules. Our focus is to 
encapsulate benzaldehyde and its derivatives as the guest molecule. We can use this type of 
modified host molecules in various applications like drug delivery and/or extraction of actinides 
and lanthanides from aqueous system in order to remove radioactive species. These developed 
molecular baskets can be used as solubility increasing agents for some insoluble reactants in 
reactions. In this study, this urea featured calix[ 4)arene will be used to encapsulate and save food 
fragrance at a certain temperature during transportation or storage. Especially, this synthesized 
gating anns will act as a gate or lid for this molecular basket. According to the above discussed 
characteristics of urea functional group this gate would be able to open and close because of its 
21 
ability to form intramolecular hydrogen bonds between -NH and -C=O at low temperatures and 
those bonds will break at higher temperatures. This means that we can keep our fragrance molecule 








Figure 16: Reversible encapsulation will be done by temperature sensitive gate features. 
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1.6 Objectives 
The objective of this research project was to develop a basket shaped molecule with urea 
featured gating arms. There were two parts of this organic synthesis project. The first was to 
synthesize, purify, and characterize the desired gating arm and the intermediates. Meanwhile, the 
optimization of the reactions involved in each step was also done in terms of percent yield, time, 





All the chemicals were purchased from commercial sources and used without further purification, 
unless stated otherwise. Tetrahydrofuran is freshly distilled over sodium and benzophenone; 
Acetonitrile was freshly distilled over CaH2; Dichloromethane was freshly distilled over C aH2. 
Chromatography purifications were performed using silica gel 60 (Sorbent technologies 40-75µm, 
200 x 400 mesh). Thin-layer chromatography (TLC), UNIPLATE (silica gel GF UV254) was 
perfonned on silica gel plate; p-anisaldehide and fluorescent spots were observed under a UV254 
(200 µm) lamp. 1H (and 13C NMR) spectra were recorded using a 400 MHz Bruker AV ANCE-400 
spectrometer. Chemical shift values are expressed as o values and the coupling constant values (.!) 
are in Hz. NMR solvents were purchased from Sigma Aldrich. The following abbreviations were 
used for signal multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; and br, broad. 
A "*" symbol in the NMR spectra indicates solvent peak(s), while a "#" symbol indicates impurity 
peak(s). Mass spectra were recorded using a Waters Q-TOF Ultima ESI Mass spectrophotometer 
at University of Illinois-Urbana Champaign. IR spectra were collected using a Thermo Scientific 
NICOLET iS 10 spectrophotometer. EtOAc stands for ethyl acetate. ":" stands for solvent mixtures 
in ratios of volumes of each component. The synthesis pathway for gating arm for the cl ix[ 4]arene 
mentioned in Scheme I. 
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Scheme 1 :  Overall synthetic pathway of desired arm. 
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2.2 Synthesis of 3,5-bis(bromomethyl)-benzenemethanol 





Anhydrous acetonitrile was prepared by distillation with CaH2 before the reaction. The 1,3,5-
benzenetrimenthol (1 .00 g, 5.94 mmol), and tetra bromomethane (4.93 g, 14.8 mmol) were 
dissolved in anhydrous acetonitrile (50 mL) in a 100 mL round bottomed flask. Then 
triphenylphosphine (3.89 g, 14.8 mmol) was added with stirring until completely dissolved over 5 
minutes. The solution was allowed to cool 0 °C under N2 for 1 5  minutes. Then the solution was 
stirred under N2 for 7 hours.37 The resultant solution was concentrated and then purified using a 
silica gel column. The column was eluted with bexanes: EtOAc, 6 : l (v/v) respectively. According 
to the developed TLC the second band with 0.22 Rrvalue was the desired product. Then the second 
band was collected and concentrated. The 1H NMR spectrum of the second band confirmed that it 
was the desired product. The final product was a white color fine powder. The product mass was 
1 .58 g, 5.39 m ol and the percent yield 90.2 %. 1H NMR ( 400 MHz, CDCb, 25 °C): o 4.458 (s, 
4H, CH2-Br), 4.686 (s, 1 .6, 2H, CH2-0H), 7.322 (s, 3H, Ar) (Figure 17). 
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Figure 17: 1H NMR of3,5-bis(bromomethyl)-benzenemethanol, in CDCb. 
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2.3.1 Synthesis of 3,5-bis(bromomethyl)-1-(tert-butyl)dimcthylsilyloxymethylbenzene 
Bry� Br Cl / /IN 
,& + "sL I + <Z )> / �  N 
HO H 
2 
The 3,5-bis(bromomethyl)-benzenemethanol (0.521 g, 1. 77 mmol), tert-butylchlorodimethyl-
silane (0.780 g, 5 . 18  mmol), imidazole (0.355 g, 5.22 mmol) were dissolved in dried THF (50 mL) 
in a l 00 rnL round bottomed flask. Then the solution was stirred at room temperature for 20 
homs.38 The reaction was quenched with brine (35 mL) and extracted with EtOAc (4 x 35 mL). 
The combined organic fractions were dried with MgS04. Then those fractions were concentrated 
under reduced pressure . The product was purified using a silica gel column. The eluant was 
hexanes: EtOAc, 6: I (900 mL). TLC indicated that the first band with a Rr value of 0.69 was the 
desired product. Then the first band was collected and concentrated. The 1H NMR spectrum of 
first band confirmed that it was the desired product. The product was a clear, crystal-like solid. 
The product mass was 0.563 g, l.37 mmol, and the percent yield was 77.8 %. 1H NMR (400 MHz, 
CDCb, 25 °C): 8 0.095 (s, 6H, CH3-Si), 0.936 (s, 9H, CH3-C), 4.465 (s, 4H, CH2-Br), 4.707 (s, 
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Figure 18a: 1 H NMR of 3 ,5-bis(bromomethyl)-1-( tert-butyl)dimethylsilyloxymethylbenzene, 
CDCb. 
29 
2.3.2 Synthesis of 3,S-bis(bromomethyl)-1-(tert-butyl)diphenylsilyloxymethylbenzene 
Br Br Ph ![� Br Br + ci,S( + Si Ph/ N H Ph, ,0 
ASi-ph 
2' 3'  
The 3,5-bis(bromomethyl)-benzenemethanol (l.56 g, 5.31  mmol), tert-butylchlorodiphenylsilane 
(4.44 g, 1 5.9 mmol), and imidazole ( 1 .08 g, 1 5.9 mmol) were dissolved in dried THF ( 1 00 mL) in 
a 250 mL round bottomed flask. Then the solution was stirred at room temperature for 20 hours.38 
The solution was quenched with brine (35 mL) and extracted with EtOAc (4 x 35 mL). The 
combined organic fractions were dried over MgS04. Then those fractions were concentrated under 
reduced pressure. The product was purified using a silica gel column. The eluant was hexanes: 
EtOAc, 6: l ( 1200 mL). According to the TLC, the first band with 0.72 Rr value was the desired 
product. Then the first band was collected and concentrated. The 1H NMR spectrum of the first 
band confirmed that it was the desired product. The final product was a clear, crystal-like solid. 
The product mass was 1 .44 g, 2. 7 1  mmol, and the percent yield was 5 1 . 1  %. 1H NMR ( 400 MHz, 
CDCb. 25 °C): 8, 1 .076 (s, 9H, CH3-C), 4.438 (s, 4H, CH2-Br), 4. 7 1 8  (s, 2H, CH2-0H), 7.254 (s, 
3H, Ar), 7.377 (m, 5H, Ar), 7.410 (m, SH, Ar). (Figure 18b). 
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Figure 18b: 1H NMR of 3,5-bis(bromomethyl)-l-(tert-butyl)diphenylsilyloxymethylbenzene, 
CDCb. 
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2.4 Synthesis of 3,5-bis(azidomethyl)-1-(tert-butyl)dimethylsilyloxymethylbenzene 





The Product 3 (0.105 g, 0.259 mmol) was dissolved in DMSO (2 mL) and sodium azide (0.0460 
g, 0.645mmol) was added. The solution was stirred at room temperature for 2 hours. 39 The reaction 
was quenched with ice water and extracted three times with EtOAc. The combined organic layers 
were washed twice with water and once with brine. Then the organic layer was collected and dried 
over MgS04, filtered and evaporated in vacuum. Solvent was removed by rotovap. The product 
was purified using a silica gel column. The eluant was hexanes: EtOAc, 6: I (v/v). According to 
the TLC, the first band with 0.67 Rr value was the desired product. Then the first band was 
collected and concentrated. The final product was pale yellow color oily product but thicker than 
Product 3 in the previous step. The product mass was 0.0703 g, 0.2 1 1  mmol, and percent yield was 
8 1 . 7  %. 1H NMR (400 MHz, CDCh.25 °C): 0 0.206 (s, 6H, CH3-Si), l .046 (s, 9H, CH3-C), 4.451 
(s, 4H, CH2-Br), 4.859 (s, 2H, CH2-0, 7.240 (s, lH, Ar), 7.348 (s, 2H, Ar) (Figure 19). 
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Figure 19: 1H NMR of 3,5-bis(azidomethyl)- l -(tert-butyl)dimethylsilyloxymethylbenzene, in 
CDCb. 
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2.5 Synthesis of 3,5-bis(aminomethyl)-1-(tert-butyl)dimethylsilyloxymethylbeozene 
5 
The Product 4 (0.286 g, 0.862 mmol) was dissolved in THF: water (5:2) solution (7 mL). Then 
PS-PPhJ ( l .79 g, 2. 15  mmol) was added and the suspension was stirred at room temperature 
overnight and filtered and concentrated.40 The crude product was dissolved in toluene (5 mL) and 
evaporated six times to remove water. The product was dissolved in CH Cb (20 mL) and dried over 
MgSQ4. The mixture was vacuum filtered, and filtrate was saved. The filtrate was placed in a 
weighed 50 mL round bottomed flask, and solvent was evaporated. A paled yell�w and oily 
product was obtained. The product mass was 0.215 g, 0.766 mmol and percent yield was 88.8%. 
1 H NMR (400 MHz, DMSO-d6,25 °C): o 0.081 (s, 6H, CH3-Si), 0.920 (s, 9H, CH3-C), 3.829 (s, 
4H, CH2-Br), 4.697 (s, 2H, CH2-0), 7. 1 1 8  (s, lH, Ar), 7.240 (s, 2H, Ar) (Figure 20). 
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Figure 20: 1 H NMR of 3,5-bis(aminomethyl)-1 -(tert-butyl)dimethylsilyloxymethylbenzene, in 
DMSO-d6. 
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Diamine 5 (0.648 g, 1 .54 mmol) was dissolved in dried DCM (100 mL). Then neat isopropyl 
isocyanate (450 µI, 4.57 mmol) was added drop wise at room temperature and under nitrogen. The 
solution was stin-ed for 1 2  hours, during which a solid precipitate appeared.41 The mixture was 
vacuum filtered, and the solid was washed with DCM (2x l 0 mL) and dried in air. The final product 
was white color solid. The product mass was 0.41 8 g, 0. 7124 mmol and the percent yield was 46.2 
%. 1H NMR (400 MHz, DMSO-d6,25 °C): o 0.071 (s, 6H, CH3-Si), 0.807 (s, 9H, CH3-C), l .026 
(d, 12H, -CH3, J= 6.4 Hz), 4. 1 66 (s, 4H, CH2-N), 4.449 (s, 2H, CH2-0), 3 .710 (m, 4H, -CH), 6.969 
(s, 1 H, Ar), 7.046 (s, 2H, Ar) (Figure 21). 
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Figure 2 1 :  1 H NMR of 3,5-bis(N'-isopropylureidomethyl)-l-(tert-butyl)dimethylsilyloxymethyl 
benzene, in DMSO-d6. 
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2. 7 Synthesis of 3,5-bis(N'-isopropylureidomethyl)benzenemethanol 
THF ,J)l'N'Q;r,,--_)lN ,( H H --�1 H H 
HO 
7 
Protected diurea, 6 (0. 1 52 g, 0.338 mmol) was partially dissolved in THF (7 mL) and tetra-n-
butylammonium fluoride (TBAF) (200 µL, 0.690 mmol) was introduced to the reaction mixture. 
The reaction mixture was stirred for 4 hours.42 It was a clear solution after dissolving all the solid 
particles. Then the reaction mixture was kept in 2 ·c overnight, until solid particles appeared. The 
mixture was vacuum filtered, and the solid was washed. The appearance of the final product was 
a white-colored solid. The product mass was 0. 1 03 g, 0.308 mmol and the percent yield was 9 1 .  l 
%. 1 H NMR ( 400 MHz, DMSO-d6, 25 °C): 8 l .031 (d, l 2H, -CH3,j= 6.4 Hz), 4. 1 66 (s, 4H, CH2-
N), 4.449 (s, 2H, CH2-0H), 3.684 (m, 4H, -CH), 5 . 148(t, lH, -OH), 6.966 (s, l H, Ar), 7.045 (s, 
2H, Ar) (Figure 22). 
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Figure 22: 1H NMR of 3,5-bis(N'-isopropylureidomethyl)benzenemethanol, in DMSO-d6. 
ppm 
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In a 25 mL RBF, Compound 7 (0.0729 g, 0.2169 mmol) was mixed with HBr (I mL, 48.7 % 
aqueous) in acetonitrile ( 1 0  mL) and the reaction mixture was refluxed for 1 8  hours. Water was 
removed by adding 5.0 mL portions of toluene and under reduced pressure. A dark black-colored 
solid appeared. According to the 1H NMR (Figure 23a), the desired product was present in the 
mixture, but the purification/isolation of the desired product was not feasible. 
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Figure 23a: 1H NMR of 3,5-bis(N'-isopropylurcidomethyl)benzenemethanol, in MeOD. 
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Anhydrous dichloromethane was prepared by distillation from CaH2 before the reaction. In a 250 
mL RBF, compound 7 (0.0362 g, 0. 1 08 mmol) was mixed with CBr4 (0.0536 g, 0. 161  mmol).37 
Pre-distilled anhydrous dichloromethane (100 mL) was added into the flask. The reaction mixture 
was cooled in an ice bath at 0 ·c and stirred under nitrogen conditions. Solid PPh3 (0.1379 g, 0.165 
mmol) was added portionwise by quickly removing and recapping the stopper. The reaction was 
stirred for 6 hours. The polymer supported triphenylphosphine was filtered over a cotton plug 
(small particles went through during this filtration.) These small and white particles were collected 
via a vacuum filtration. The product mass was 0.0127 g, 0.03 1 8  mmol and percent yield 29.5%. 
1H NMR (400 MHz, DMSO-d6,25 °C): 81 .032 (d, 12H, -CH3,j= 6.4 Hz), 4.152 (s, 4H, CH2-N), 
4.444 (s, 1 H,-CH), 3.675 (m, 4H, -CH), 6.966 (s, lH, Ar), 7.045 (s, 2H, Ar) (Figure 23b). 
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Figure 23b: 1H NMR of 3,5-bis(N'-isopropylureidomethyl)benzenemethanol, in DMSO-d6. 
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Calix[4]arene (0.0122 g, 0.0188 mmol) and K2C03 (0.261 g, 1 .89 mmol) was dissolved in DMF 
(3 mL). Then compound 9 (0.0127 g, 0.03 1 8  mmol) was dissolved in DMF (5.0 mL) in a 25 mL 
RBF and heated for 1 0  mins. Then the two solutions were mixed together and refluxed for 24 
hours. The reaction mixture was mixed with toluene (5 mL) and evaporated six times. A white-
colored solid product appeared. The product mass was 0.0220 g. We were unable to confirm that 
we obtained our desired product by 1H NMR spectrum. 
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3. Results and discussion 
In this research project, our focus was to develop a basket shaped molecule with gating features. 
In order to do that, we picked calix[ 4]arene as our target molecule's basic building block and tried 
to attach a urea featuring gating arm onto the calix[4]arene's hydroxyl tips. Therefore, synthesizing 
the gating arm was the major part of this research. In order to synthesize the gating arm, we 
designed a synthesis pathway as shown in scheme 1 based on our previously unpublished research 
findings. After a careful review of the existing literature, 1,3,5-benzenetrimethanol, which is a 
relatively cheap starting material, was chosen as the key starting chemical for the synthesis. The 
entire synthesis process of the gating arm is comprised of seven steps, followed by an additional 
step to attach the arm to calix[ 4]arene to give the desired target host molecule. 
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3.1 Synthesis of 3,5-bis(bromomethyl)-benzenemethanol 
Starting from 1,3,5-benzenetrimethanol, we synthesized 3,5-bis(bromomethyl)-
benzenemethanol using triphenylphosphine, which is activated by the reaction with halogenating 
agent CBr4 and generates [Br-PPh3t intermediate under nitrogen condition at 0 °C. After 
deprotonating the hydroxyl group by the tribromocarbanion, the oxide of intermediate 2 attacks 
the positively charged phosphorus to generate an oxyphosphonium intermediate. Therefore, the 
oxygen in our targeted alcohol is being transformed into a leaving group, and the bromide anion 
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Scheme 2: Reaction mechanism for synthesis of 3,5-bis(bromomethyl)-benzenemethanol. 
In this reaction, we used 2.5 equivalents of CBr4 and PPh3 to brorninate two OH groups out of 
three. Deciding the required amounts of CBr4 and PPh3 was the most crucial part of this reaction. 
In order to increase the yield, we have increased the solvent amount higher than usual and carefully 
loaded the column and taken out almost all the desired product (Figure 24) by changing the 
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appropriate solvent amount depending on the reagent amounts. After the long process of 












8.0 5.5 5.0 






Purification was the most important process in obtaining the desired product. The first step was to 
use TLC tests to find that hexanes: EtOAc - 6: 1 (v/v) was the best eluant to separate the desired 
product from the product mixture triol. Then, column chromatography was used as the purification 
technique. The less polar byproduct was removed as the first band of silica gel column using 
hexane: EtOAc =6: l(v/v) as the eluant. After removing all the byproduct, the solvent polarity was 
changed to moderately more polar by using hexanes: EtOAc =3:2 (v/v) as the eluant in order to 
collect the desired Product I more efficiently. The product was characterized by 1H NMR (Figure 
24). The singlet peak at 4.458 ppm, which can be attributed to the four hydrogens, provides 
evidence for the presence of Br-CH2's. Similarly, the singlet peak at 4.686 ppm for the two 
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hydrogens represents the CH2-0H, and the peak at 7.322 ppm represents the hydrogens from �e 
benzene ring. 
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3.2 Synthesis of 3,5-bis(bromomethyl)-l-(tert-butyl)dimethylsilyloxymethylbenzene 
Our next step was technically meant to be the transformation of a dibromide into a diazide. 
However, there was an OH group present which was needed for future reactions. Therefore, the 
next step of this synthesis pathway was dedicated to protecting the OH group (Scheme 3). This 
additional procedure then necessitated a later step to deprotect the OH group, making the synthesis 
pathway slightly lengthier. As protecting groups, we have used both tert-
butylchlorodimethylsilane and tert-butylchlorodiphenylsilane. For this particular reaction, we got 
the best results from using tert-butylchlorodimethylsilane as our protecting agent. The best percent 
yield we got for this reaction was 77.8 %. The reason behind the low yield (46.3 %) with tert-
butylchlorodiphenylsilane might be the bulkiness of the compound caused by two phenyl groups. 
The reason we used tert-butylchlorodiphenylsilane is its slightly greater molar mass. We assumed 
that it would help during the measuring because it is supposed to add more mass, which minimizes 
the relative error of measuring compared to low mass protecting groups. 
Y ci::)_ / 
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Scheme 3 :  Reaction mechanism for Synthesis of 3,5-bis(bromomethyl)-1 -{tert-
butyl)dimethylsilyloxymethylbenzene. 
In this reaction, the carbon and chlorine in tert-butylchlorodimethylsilane are more 
electronegative than the silicon. Thus, they withdraw some electron density from the silicon, 
making it partially positive. The silicon, therefore, can function as an electrophile since it is 
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electrophilic. The alcohol functions as a nucleophile, whose lone pair of electrons attacks the 
silicon. Then these electrons move onto the chlorine (Scheme 3). HCl is given off during this 
process. Imidazole removes HCl, since imidazole is basic. 
Column chromatography was carried out to purify and isolate the desired Product 2. The 
product was purified using a silica gel column. The column was eluted with hexanes: EtOAc, 6: 1 
(v/v). TLC was used again to monitor the column and confirmed that the first band represents the 
desired product. Then the first band was collected and concentrated. Product 2 was characterized 
by 1H NMR (Figure 25). The singlet peak at 0.095 ppm provides evidence for the presence of 
CH3-Si, and the peak at 0.936 ppm represents CH3-C group of silane. The other peaks perfectly 
matched with the characteristic peaks of the starting material. This signified that our protecting 
group had been attached to the precursor during the reaction and we had our desired product. 
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Figure 25: 1H NMR of 3,5-bis(bromomethyl)-1 -(tert-butyl)dimethylsilyloxymethylbenzene, in 
CDCb. 
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3.3 Synthesis of 3,5-bis(azidomethyl)-1-(tert-butyl)dimethylsilyloxymethylbenzene 
In this reaction, we used sodium azide, which is a good nucleophile. Initially, sodium azide 
reacts with an alkyl halide. The azide attacks the alkyl halide in an SN2 reaction and produces an 
azide (Scheme 4). We used 2.5 equivalents of sodium azide in this reaction, so that both bromides 
were transformed into azide groups. Also, the reaction time and the reagent amount were optimized 
by monitoring the reaction with TLC using hexanes: EtOAc, 6:1  (v/v) as eluant. The product was 
purified using a silica gel column. This column was eluted with hexanes: EtOAc, 6: 1 (v/v). Product 
3 was characterized by using both IR and 1H NMR spectroscopy. According to the literature, the 
IR spectrum of organic azides should have a peak around 2100 cm·1 for asymmetric N3.43 The 
product was also characterized by 1H NMR. In the 1H NMR spectrum (Figure 26a), the singlet 
was observed at 4.251 ppm peak, which is representative of CH2-NJ. Also, compared to the peak 
for CH2-Br from the 1H NMR spectrum for the precursor (4.705 ppm), we were able to see a 
significant chemical shift change for this particular proton. The IR spectrum of the purified product 
(Figure 26b, attached in the appendix on page 69) has a unique peak for azides at 2098 cm· 1 ,  and 
it was verified that the obtained product was our desired product. 
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Scheme 4: Reaction mechanism for synthesis of 3,5-bis(azidomethyl)-l -(tert-butyl) dimethyl silyl 
oxymeth yl benzene. 
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Figure 26a: 1H NMR of 3,5-bis(azidomethyl)-l -(tert-butyl)dimethylsilyloxymethylbenzene, in 
CDCh. 
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3.4 Synthesis of 3,5-bis(aminomethyl)-1-( tert-butyl)dimethylsilyloxymethylbenzene 
Azides can be converted into amines by hydrogenation easily, but there are more 
convenient methods such as the Staudinger Reaction,44 which is a mild azidc reduction. As shown 
in Scheme 5, the Staudinger Reaction makes it possible to use -N3 as an -NH2 synthon. 
N3�"!'f:::: PPh3 
_) H20 ......... . 0 
A Si-
Scheme 5: Reaction mechanism for synthesis of 3,5-bis(aminomethyl)- 1 -(tert-butyl) dimethyl 
silyloxymethylbenzene. 
In this reaction, we used polymer supported PPh3, due to the difficulties of using regular PPh3 with 
silica gel columns for purification purposes. We realized that it would be impossible to remove the 
product, from the silica gel because of its polarity. Therefore, if we used regular PPh3, the 
separation would be difficult, since the byproduct phosphoxide would interfere with the 
purification of the desired product. Also, the byproduct phosphoxide would remain in the solid 
state since the phosphorus atom is always covalently bonded with the polymer, making polymer 
supported PPh3 more suitable for our task. Therefore, we have used the aqueous work up method 
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and filtering method, which allowed us to obtain the desired diamine and a very stable phosphine 
oxide, which was attached to a polymer. 
The product was characterized by IR and 1H NMR spectroscopy. Product 4 was 
characterized by 1H NMR (Figure 27a). The singlet observed at 2.330 ppm represents -NH2. There 
were significant chemical shift changes of the peaks related to -CH2-N3 ( 4.451 ppm) vs CH2-NH2 
(3.833 ppm) and CH2-0 in the diazide product (4.858 ppm) and the diamine product (4.706 ppm). 
In comparison to the IR spectrum of the precursor, there was no peak around 2 1 00 cm-1 in the 
spectrum of the desired product (Figure 27b, attached in the appendix on page 70). The peak 
related to the organic azide disappeared, proving that the precursor was reduced. 
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Figure 27a: 1H NMR of 3,5-bis(aminomethyl)-1-(tert-butyl)dimethylsilyloxymethylbenzene, in 
DMSO-d6. 
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3.5 Synthesis of 3,S-bis(N'-isopropylureidomethyl)-1-(tert-butyl)dimethylsilyloxymethyl 
benzene 
The formation of urea was a really challenging reaction. The reaction itself looks very 
simple and straightforward, but it was not. At the very beginning, we strictly followed the literature 
and added all the reagents and solvent, proportionately to the original procedure.41 The reaction 
(Scheme 6) did occur, but with a very poor percentage yield of 20%, which was barely enough for 
the next step. 
Scheme 6: Reaction mechanism for synthesis of 3,5-bis(N'-isopropylureidomethyl)-l -(tert-
butyl)dimethylsilyloxymethyl benzene. 
Therefore, we tried to optimize the reaction in order to increase the percent yield. We increased 
the time duration from 12 hours to overnight and increased amounts of the reagents, but neither of 
these methods was successful. Finally, we increased the solvent amount from 50 mL to l 00 mL 
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(this really depends on the precursor amount), and it was advantageous to a certain extent, 
increasing the percent yield up to 46.2 %. We assumed that the reason behind this low yield was 
the concentration. Therefore, when we increased the volume of the solvent, it increased the space 
in which the reaction is taking place, leading to a higher yield. Still, this reaction needs further 
optimization. 
Product 5 was characterized by 1H NMR, and the triplet peak at 6. 1 15  ppm and doublet 
peak at 5. 704 ppm were visible because of the -NH peaks at either side of the carbonyl group of 
the newly attached urea functional group. Also, the multiple peak at 3.666 ppm represents the -CH 
of isopropyl group and the doublet at 1 .  028 ppm represents the -CH3 of the isopropyl group, which 
is also in the newly attached urea functional group (Figure 28). This meant that we had obtained 
the desired urea attached molecule from this reaction. 
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Figure 28: 1H NMR of 3,5-bis(N'-isopropylureidomethyl)-l-(tert-butyl)dimethylsilyloxymethyl 
benzene, in DMSO-d6. 
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3.6 Synthesis of 3,5-bis(N'-isopropylureidomethyl)benzenemethanol 
In the above reaction, we sought to take off the protecting group. For this we needed to 
have something that reacts selectively with the silicon, so we used tetrabutylammonium fluoride, 
which is a rich source of fluoride anions. Fluoride anion is an extremely poor nucleophile, but it 
has a great affinity for silicon. Since the fluoride functions as a nucleophile, it attacks the srncon 
(Scheme 7). The fluoride ion could attack only silicon for to a couple of reasons. 
�NJlNy� NJlN� 
H H I H R + 
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Scheme 7: Reaction mechanism for synthesis of 3,5-bis(N'-isopropylureidomethyl)benzene 
methanol. 
First of all, the silicon is bonded to some carbons, and silicon is bigger than carbon. Therefore, the 
silicon-carbon bonds are longer than carbon-carbon bonds which are present here. This means that 
there is a decreased steric hindrance, leaving the silicon a little bit more exposed, and allowing the 
fluoride anion to attack it further. Another factor that allows this is that silicon is in the third period 
on the periodic table. Therefore, silicon is less electronegative and thus more electrophilic than 
carbon. An additional reason fluoride can attack the silicon better is that the bond that is formed 
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between fluorine and silicon happens to be very strong. This reaction is a challenging one. If more 
than 2.5 equivalents of TBAF were added, it was very difficult to isolate the desired product from 
the reaction mixture, but if only 2 equivalents of TBAF is added, the reaction formed unknown 
crystals. 
Product 6 was characterized by 1H NMR (Figure 29). The singlet at 0.07 ppm of the CH3-
Si of the starting material disappeared. The singlet at 0.90 ppm marks the remaining CH3 of the t­
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Figure 29: 1H NMR of 3,5-bis(N'-isopropylureidomethyl)benzenemethanol, in DMSO-d6. 
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3.7. Synthesis of 3,5-bis(N'-isopropylureidometbyl)benzylbromide 
This reaction was simple and straightforward because it follows the same mechanism 
shown in Scheme 2, but the purification process was chalknging. We were using the same reaction 
conditions as for the bromination of an alcohol in Step 1 ,  but we could not use regular reagent 
PPh3 due to the difficulties of separating the desired Product 7 from the by-product phosphoxide. 
The chemical PPhJ was used in Step 1 ,  and the reaction produced O=PPh3 as the byproduct. During 
the column chromatography, it was found that the O=PPhJ byproduct could not be removed 
completely. Therefore, we mixed our Precursor 6 with HBr and refluxed it for 1 8  hours. The final 
mixture was dark brown in color and obviously not our desired product, as shown by the 1H NMR 
spectrum of that mixture. There were some peaks in that spectrum which we suspected as peaks 
related to our desired product, but it was not a strong evidence at that moment. Finally, we decided 
to adopt the solid phase synthesis methodology in Step 4 and use polymer supported PPh3 (PS­
PPhJ) instead of regular PPh3, even though the polymer supported PPh3 was an expensive reagent. 
Then, it was easier to filter the O=PPh3 byproduct because it was attached to the polymer and our 
desired product was present in the solution. Product 7 was characterized by 1H NMR spectroscopy, 
and the peak at 5 . 148 ppm which represented the -OH in the spectrum for the precursor for this 
reaction (Figure 29) had disappeared (Figure 30a). We also observed some chemical shift changes 
compared to Figure 29 of peaks at 4.444 ppm and 4.152 ppm representing -CH2-Br and -CH2-N 
groups, respectively. Fm1her characterization was carried out by high resolution mass 
spectrometry analysis (Figure 30b, shown in the appendix on page 7 1 ): the calculated m/z was 
3 1 9.2138, and the experimentally observed m/z was 3 1 9.2134. Those were very close to each 
other, further confirming the presence of the desired product. 
62 
" .. ..... 
.., _  
,.: .,Q  
I /  
... .. .. ... 
D i:: .... 
- ... .. .. I 
e e 
... -... -.. " 
,..; " I 
I 0 b d b  0 I e--1'NJlNy.N.JlN1'e H H I H H 
j k c � c  k j 
a 
. Br # 
c 
7.0 6.5 6.0 s.s 5.0 
�I� (�) (�1 
a b 
f 
4.5 4.0 3.5 




3.0 2.5 2.0 
� :  






Figure 30a: 1H NMR of 3,5-bis(N'-isopropylureidomethyl)benzylbromide, in DMSO-d6. 
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3.8 Synthesis of calixarene with gating arm 
Then we attempted to attach the synthesized gating arm to calix[ 4]arene. This reaction was 
the most challenging one for several reasons. The calix[ 4]arene molecule is a nonpolar molecule, 
and our gating arm is a polar molecule; in terms of solubility, these two molecules are in two 












According to the unpublished records, this reaction should have been done in an acetonitrile 
medium, but we could not dissolve this molecule in acetonitrile. The reason behind that is this 
gating arm was a polar molecule because of the urea functional group. Finally, we decided to run 
the reaction in dimethyl formamide (DMF), which is considered a polar solvent. We also observed 
that the reagents were partially dissolved during the reaction. 1HNMR was done for the reaction 
mixture and we could not find strong evidence to confirm that our gating arm has been attached to 
calix[ 4]arene during the reaction. The possible reasonable explanations according to the NMR 
spectrum of the crude product were that there might be either a mixture of starting material 8, 
calix[ 4]arene, the desired product, and a partially assembled product with only one gating arm 
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attached. An "a" represents peaks from gating arm and "c" represents peaks from calix[4]arene in 
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Figure 3 1 :  1 H NMR of crude product of reaction for attaching the gating arm, in DMSO-d6. 
65 
4. Conclusion 
In this study, the precursor of the extension arm of a potential molecular host was 
synthesized through a multi-step synthesis. A silyl group and bromine were used to transform the 
trio! into the corresponding products. In accordance with our synthesis plan, extension arms of 3,5-
bis(N'-isopropylureidomethyl)benzylbromide (8) were successfully synthesized, but 
unfortunately, we obtained a low yield (<30%). Most of the reactions in the synthesis pathway 
were successful with comparatively reasonable yields (>50%). Synthetic intermediates and the 
target molecules were characterized by 1H NMR, FTIR, and mass spectrometry analysis. However, 
the two extension arms of 3,5-bis(N'-isopropylureidomethyl)benzylbromide (8) did not bond with 
p-tert-butylcalix[ 4]arene as expected. The main reason behind this may have been incompatible 
solubilities. The p-tert-butylcalix[4]arene is a less polar compound and 3,5-bis(N'­
isopropylureidomethyl)benzylbromide (8) is a more polar molecule. Therefore, it was hard to find 
an appropriate solvent to dissolve these two compounds. Purification of the product will also be a 
problem. Future work includes investigation of a method to deprotonate the p-tert­
butylcalix( 4]arene in order to bind the 3,5-bis(N'-isopropylureidomethyl)benzylbromide (8) gating 
arms and monitoring the guest encapsulation to the designed host. 
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Figure 27b: Infrared spectroscopy of 3,5-bis(aminomethyl)-1 -(tert-butyl) dimethylsilyl oxy 
methyl benzene. 
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Elemental Composition Report 
Single Mass Analysis 
Tolerance= 5.0 PPM I DBE: min = -1.5, max= 100 0 
Element prediction: Off 
Number of isotope peaks used for i FIT= 3 
Monoisotopic Mass, Even Electron Ions 
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Figure 30b: Fourier transfonn mass spectrometry of 3,5-bis(N'-isopropylureidomethyl) 
benzenemethanol. 
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